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Results: Weighted kappas for inter-rater reliability of severity of
baseline lesions were 0.88 (WORMS), 0.91 (BLOKS lesion ex-
tent), and 0.88 (BLOKS full thickness). Table 1 shows agreement,
using simple kappa (k) for worsening (inter-reader, and BLOKS-
vs-WORMS), and frequencies of worsening found by each scoring
system.
Table 1. Reliability and Comparison of BLOKS and WORMS for scoring wors-
ening cartilage morphology
BLOKS Worsening WORMS Worsening
by either extent whole grade whole or
or depth within-grade
Inter-reader agreement k=0.88 k=0.65 k=1.00
% of knee worsening 29% 27% 38%
Agreement with BLOKS – 88% agreement 82% agreement
(either extent or depth) – k=0.71 k=0.61
Table 2 shows that varus alignment (≤2°) and high body mass
index (BMI) increased the risk of worsening medial compartment
cartilage scores [odds ratios (OR) adjusted for age, sex, BMI].
Table 2. Showing varus alignment and BMI as predictors of worsening cartilage
morphology
Adjusted OR [95% CI] OUTCOME: OUTCOME:
BLOKS Worsening WORMS Worsening
PREDICTOR whole grade whole or whole or
with-grade with-grade
Varus (vs non-Varus) 6.5 [1.5-28.3] 2.3 [0.7-7.7] 1.9 [0.7-5.2]
BMI (per SD increase) 2.4 [1.2-4.8] 1.8 [0.98-3.2] 1.2 [0.8-2.0]
Conclusions: WORMS and BLOKS both had good to excellent
inter-rater reliability, with good agreement between them on the
presence of whole grade worsening within a knee. Using “within-
grade” worsening in WORMS increased sensitivity for progression,
but at a tradeoff with less association with risk factors for OA pro-
gression. The validity of the additional “within-grade” change score
requires further investigation. The large amount of change required
for a transition from BLOKS grade 2 (10-75% of a region) to grade
3 (>75% of a region) may limit sensitivity for scoring change while
increasing speciﬁcity and association with risk factors.
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Purpose: To investigate the presence of joint abnormalities in
early knee osteoarthritis (OA) using Magnetic Resonance Imaging
(MRI), and to determine the relationship of these abnormalities to
pain and disability.
Methods: We studied 155 cases (median age 56 years, 78%
women) from the CHECK (Cohort Hip and Cohort Knee) study.
All participants had early knee OA deﬁned as pain or stiffness
for which consultation of a general practitioner was sought not
more than 6 months ago. Controls were 30 age and sex-matched
healthy volunteers without clinical and radiographic OA. Standard-
ized knee radiographs were obtained and scored according to
the Kellgren-Lawrence (KL) method. A KL score of 1 (doubtful
OA) and 2 (deﬁnite OA) was present in 27% and 4% of the
early knee OA patients, respectively. The remaining patients had
normal radiographs. MRI of the knee was made on a 1.5 Tesla
system. Various MRI features were scored by consensus opinion
by three readers according to KOSS. Pain, stiffness and disability
were assessed with the Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC). Odds ratios (OR) with 95%
conﬁdence intervals (95%CI) were used to determine the relative
risk of MRI features in OA compared to healthy controls. Sensi-
tivity and speciﬁcity for MRI features were calculated. Multivariate
analysis was performed for the association between MRI features
and WOMAC scores. Adjustments were made for confounders.
Results: Osteoarthritic MRI features were demonstrated in nor-
mal controls, but found more frequent in patients with early knee
OA. Most prominent MRI features in normal controls were car-
tilage defects, osteophytes and intra-substance degeneration, all
with prevalence around 40%. The ORs (95%CI) of cartilage de-
fects, osteophytes, cysts, bone marrow lesions and intrasubstance
degeneration were 3.8 (1.6-9.1), 3.2 (1.4-7.6), 2.9 (1.0-8.1), 4.5
(1.5-13.9), and 2.3 (1.0-5.4) respectively for OA compared to con-
trols. Meniscal tears, meniscal subluxation, effusion and Baker’s
cysts did not differ between the groups. Sensitivity ranged from
14-68% and speciﬁcity ranged from 57-90%.
OA patients reported more pain and stiffness in the presence of
osteophytes and meniscal subluxation (p<0.05) respectively. Less
pain, stiffness and disability were observed in the presence of joint
effusion and/or Baker’s cysts.
Conclusions: Osteoarthritic features in the knee are present in
controls without OA, but found more frequent in patients with
early knee OA. Yet, no single MRI feature distinguishes OA from
non-OA. Especially osteophytes and meniscal subluxation are
associated with symptoms in these patients with early knee OA.
Further studies on early OA are needed.
Acknowledgement: CHECK is funded by the Dutch Arthritis
Association on the lead of a steering committee comprising 16
members with expertise in different ﬁelds of OA chaired by Prof.
J.W.J.Bijlsma and coordinated by J.Wesseling, MSc.
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Purpose: Imaging can identify structural changes in disease, and
monitor structural changes over time in longitudinal studies. In the
absence of fully automated segmentation algorithms, the question
arises whether baseline (BL) and follow-up (FU) images should
be analyzed as pairs, to avoid discrepancies in the selection of
speciﬁc regions of interest, and to inform one image with the
other, to avoid potential misinterpretations. However, independent
analysis may be superior, because paired reading may dilute
differences between image sets. Independent analysis also is
more efﬁcient, because BL images can be processed before FU
images are acquired; when an interim analysis for intermediate
time points is undertaken, the BL images need to be analyzed
again with the ﬁnal FU images, to avoid unblinding the readers.
The objective of this study was thus to directly compare the
rate and sensitivity to change of cartilage loss for paired and
independent cartilage analysis in a longitudinal study of knee OA.
Methods: A subsample of 58 participants with deﬁnite medial
radiographic OA (30 KLG2, 28 KLG3) was analyzed from a larger
S220 Poster Presentations
study (A9001140). 1.0mm coronal 3 Tesla FLASHwe MR images
were acquired at 7 imaging centres at baseline and at 2 years.
The images were processed by 7 readers with >3 years of
regular experience in cartilage segmentation. Segmentation of the
medial (MT) and lateral tibial (LT), and the medial (cMF) and
lateral weight-bearing femoral condyle (cLF) was performed in
pairs (0 and 2y) ﬁrst, with blinding to the order of acquisition.
Six months later, the images were processed again by the same
reader with blinding to order, but this time on different days and
independent of each other. Quality control of the paired readings
was performed in one session, but for the independent analysis in
different sessions. Cartilage thickness over the entire subchondral
bone area (ThCtAB) was computed in 5 subregions of MT and
LT, and in 3 subregions of the cMF and cLF, respectively, using
custom software (Chondrometrics GmbH, Ainring, Germany).
Results: In MT, the mean change (MC%) and standardized re-
sponse mean (SRM = MC/SD of change) was generally greater for
the paired than for independent analysis, except for the external
and anterior subregions.
In cMF, in contrast, the MC% and SRM was generally greater for
the independent than for the paired analysis (Table 1). When using
aggregate values of MT and cMF (MFTC), the rate and sensitivity
to change were similar for both approaches (Table 1). In LT, the
SRM for paired analysis (-0.42) was greater than for independent
analysis (-0.29). In cLF, no relevant change was detected with
either approach.
Table 1. Mean change (MC%) and standardized response mean (SRM) in carti-
lage thickness (ThCtAB) over 2 years
Paired Analysis Independent Analysis
MC % SRM p-value MC % SRM p-value
MT -1.6 -0.39 0.004 -1.5 -0.27 0.048
cMT -2.5 -0.40 0.003 -1.4 -0.18 0.183
eMT -4.0 -0.40 0.003 -5.3 -0.41 0.003
iMT -1.1 -0.27 0.042 -0.1 -0.02 0.907
aMT -1.0 -0.16 0.216 -2.0 -0.21 0.117
pMT -0.1 -0.02 0.877 0.8 0.13 0.313
cMF -1.3 -0.15 0.251 -2.5 -0.23 0.091
ccMF -2.2 -0.2 0.131 -4.2 -0.27 0.042
ecMF -1.5 -0.11 0.404 -1.9 -0.13 0.316
icMF -0.3 -0.06 0.652 -1.4 -0.14 0.278
MFTC -1.5 -0.26 0.056 -2.0 -0.29 0.033
cMFTC -2.4 -0.32 0.016 -2.7 -0.31 0.020
c = central; e = external; i = internal; a = anterior; p = posterior subregions.
Conclusions: The results show contradictory results in the tibiae
(superiority of paired analysis) and in cMF (superiority of inde-
pendent analysis). A potential reason may be greater difﬁculty in
identifying the margins of the tibia, compared with the weight-
bearing femur, where the region of interest is deﬁned based on
the trochlear notch and the posterior ends of the condyles. Paired
analysis may thus result in greater consistency in deﬁning the tib-
ial cartilage region of interest. Also, the good performance of the
independent analysis has to be viewed in context of the long ex-
perience of the readers in cartilage segmentation and a thorough
QC process.
Abstract 415 – Table 1. Results: Uptake of the 18F-Misonidazole was not speciﬁcally localized to the region of OA
Parameter Medial Tibial Plateau Lateral Tibial Plateau
MRI: Gd-DTPA kel [Elimination Rate, 1/min] 0.003±0.03 0.006±0.02 (n=5)
MRI: Gd-DTPA Akep [1/min] 1.20±0.45 1.45±0.39 (n=5)
MRI: Albumin-[Gd-DTPA]35 Permeability Surface Area 5.9E-4±1.6E-4 9.7E-4±1.9-4 (n=6)
μPET: 18F-Fluoride Relative Blood Flow (Ki; Patlak) 16.7±2.6% (n=4)
Lateral/Medial Ratio (n=4)
μPET: 18F-Fluoride Standard Uptake Value (SUV) 15.3±3.1% (n=4)
Lateral/Medial Ratio (n=4)
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Purpose: The assessment of bone perfusion is important in a
variety of conditions including pathophysiology of OA, benign and
malignant bone neoplasms, avascular necrosis, the viability of
the femoral head after intracapsular fractures, infections, fracture
healing and non-unions. Additionally, assessment of perfusion may
be of signiﬁcance in characterizing synovial activity in arthritis. We
have used contrast-enhanced MRI and 18F PET together with
pharmacokinetic modeling to non-invasively characterize bone
perfusion and extract kinetic information on blood ﬂow, capillary
permeability and as bone turnover.
Methods: MRI and μPET studies were acquired in Dunkin-Hartley
guinea pigs (n=6, 18 mos old) with established OA. Dynamic con-
trast enhanced (DCE) MRI studies used a 3.0 Tesla GE MRI
scanner with a 2D T1-weighted fast spoiled gradient echo se-
quence. Gadolinium (Gd-DTPA) was administered at 0.3 mmol/kg
and Albumin-[Gd-DTPA] was injected at 0.03 mmol/kg. Dynamic
PET studies were acquired on a Siemens/CTI Concorde Focus
220 μPET scanner for 60 minutes. Attenuation correction and ROI
placement used high resolution CT scans on a clinical GE Discov-
ery PET/CT scanner. 18F-Fluoride (NaF) was given at an activity
of 1.4 mCi/kg. Analysis of the DCE-MRI data ﬁt the time intensity
curves with the Brix pharmacokinetic model yielding estimates of
A, kep and kel. Albumin-[Gd-DTPA] data was analyzed to obtain
the permeability surface area product using a Patlak estimation
method with an arterial input function taken from the popliteal
artery. Relative blood ﬂow was estimated from 18F-Fluoride data
using the Patlak method. The standard uptake value (SUV) was
calculated to estimate metabolic activity and bone turnover at 60
minutes post-injection.
Results: Figure 1 shows a representative time intensity curve
of Gd-DTPA contrast uptake in the lateral tibial plateau allowing
visualization of both in-ﬂow and washout characteristics. Figure 2
displays anatomical CT and metabolic 18F-Fluoride PET images
with a region of greater uptake visible on the medial plateau.
Figure 1
